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Purpose: Atherosclerotic carotid artery stenosis (CAS) is the most common cause of stroke 
in young adults. We retrospectively studied clinical characteristics of premature CAS and 
the safety and durability of carotid endarterectomy (CEA) in 56 patients 50 years of age 
or younger (mean, 46.4 years; 34 (60%) males; group I) who underwent primary CEA at 
the Cleveland Clinic between 1983 and 1993. 
Methods: The patients were identified from the Vascular Surgery Registry and were 
compared with 202 randomly selected patients 60 years of age and older (mean, 69.3 
years; group II) who were frequency-matched by gender and the year of primary CEA. 
Carotid shunting was used routinely, and the arteriotomy was patched in the majority of 
cases. Patients were followed-up for mean of 47.2 months (group I) and 46.0 months 
(group II). 
Results: No significant differences were found in the indications for CEA (symptomatic 
CAS, 49% in group I vs 48% in group 1I) or the prevalence of diabetes, coronary diseases, 
and lower extremity arterial disease. Younger adults were more likely to have a history of 
smoking (93% vs 76%; p = 0.005), hypertension (71% vs 52%; p = 0.006), premature 
menopause (57% vs 18%; p < 0.001) and had lower levels of high-density lipoprotein 
cholesterol (p = 0.03). There were no in-hospital deaths. Perioperative strokes in the 
distribution of the operated artery occurred within 24 hours in one younger patient 
(1.8%) and in one older patient (0.5%). This was attributed to early carotid thrombosis n 
the young patient. Major late postoperative n urologic omplications were documented 
in one young patient (1.8%) and six older patients (3%). Patients in group I were at 
significantly higher risk for recurrent carotid stenosis (risk ratio, 3.1; 95% confidence 
interval [CI], 1.3 to 7.3; p = 0.010); younger individuals remained at significantly higher 
risk for recurrent stenosis even after adjusting for smoking and hypertension (risk ratio, 
3.7; 95% CI, 1.5 to 9.4; p = 0.006). By life-table analysis, younger adults tended to have 
a higher ate of late reoperations (p = 0.065). 
Conclusions: CEA can be safely performed in young adults with premature CAS, although 
younger individuals appear to have higher rates of recurrent carotid stenosis compared 
with older counterparts. (J Vase Surg 1997;25:326-31.) 
Recent prospective randomized trials have dem- 
onstrated beneficial effect of carotid endarterectomy 
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(CEA) in reduction of the incidence of stroke in 
patients with significant internal carotid artery steno- 
sis (CAS). >2 This may result in greater use of CEA 
for both symptomatic and asymptomatic patients. 
The incidence of recurrent carotid stenosis varies 
between 9% and 49%. 3-6 
Strokes in young adults are relatively uncommon 
and may be associated with a variety of etiological 
factors. 7,8 Some series have suggested that thero- 
sclerotic CAS accounts for 21.6% to 33.1% of strokes 
in young patients. 8q° Recent studies of lower ex- 
tremity atherosclerosis occurring in young adults de- 
scribed a particularly "virulent" course leading to 
early disability? 113 These younger individuals often 
had a poor outcome after surgical revascularization, 
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required frequent multiple interventions, and had a 
relatively poor limb salvage rate when compared with 
older patients who underwent similar surgical or en- 
dovascular procedures. 13-15 
The purpose of the current study was to define 
the outcome and durability of CEA in patients 50 
years of age and younger and to compare them with a 
group of randomly selected older patients. 
PAT IENTS AND METHODS 
Between July 1983 and July 1993, a total of 59 
patients 50 years of age or younger who underwent 
CEA for atherosclerotic internal CAS were identified 
from the Cleveland Clinic Vascular Surgery Registry. 
Of these, 56 patients (mean age, 46.6 + 3.4 years; 
range, 35 to 50 years) had a primary CEA performed 
at our institution (group I), Three of these patients 
(5%) were 40 years of age or younger; 42 (75%) were 
45 years of age or older. From the same registry, 202 
patients 60 years of age or older (mean age, 69.3 + 
5.1 years; range, 60 to 81 years) who underwent 
CEA during the same period were randomly selected 
from 1571 cases of primary CEA (group II). This 
control group was selected by using a random num- 
ber generator and was frequency-matched by gender 
and year of surgery with patients in group I. The 
medical records were reviewed on all patients. The 
standard operative technique of CEA was used, 16 
including the routine use of carotid shunting and 
carotid patches (with vein, when available) in the 
majority of cases (53 [95%] younger and 180 [90%] 
older patients). 
Follow-up clinical information was collected 
from postoperative visits or telephone interviews 
with the patients, their family members, or primary 
physicians. Reports of late carotid duplex scans were 
reviewed. Group I patients were followed-up for a 
mean of 47 + 40 months (range, 1 to 133 months) 
and group II patients for a mean 46 + 33 months 
(range, 1 to 133 months). Four patients in group I 
(6.8%) were lost to late follow-up. Follow-up data 
included the occurrence ofneurologic symptoms and 
signs, recurrent carotid stenosis (defined as 60% and 
greater eduction of carotid diameter by duplex scan 
or arteriography), the need for repeat carotid revas- 
cularization, and late death. 
Definitions, terminology, and reporting conven- 
tions conform to recommendations of the Ad Hoc 
Committee on Reporting Standards for Cerebral 
Disease of the Society of Vascular Surgery and the 
North American Chapter of the International Society 
for Cardiovascular Surgery. 17 
Comparison of the two age groups was made 
Table I. Clinical characteristics of 56 young 
(group I) and 202 older patients (group 11) 
with primary CEA 
Group I Group H 
n (%) n (%) p 
Male 34 (61) 121 (60) 
Female 22 (39) 81 (40) 0.91 
Risk factors 
Smoking 52 (93) 149 (76) 0.005 
Hypertension 29 (52) 143 (71) 0.006 
Diabetes mellitus 16 (29) 50 (25) 0.56 
Premature menopause 12 (57) 13 (18) <0.001 
Total cholesterol level 235 232 0.70 
(mean) 
Triglyceride level (mean) 207 183 0.26 
HDL-C (mean) 33 39 0.028 
LDL-C (mean) 162 159 0.79 
Previous coronary disease 33 (60) 146 (74) 0.12 
with CABG/PTCA 15 (27) 62 (32) 
without CABG/PTCA 18 (33) 84 (43) 
none 22 (40) 51 (26) 
Previous LE-ASO 27 (50) 82 (41) 0.236 
asymptomatic 4 (15) 25 (30) 
claudication 19 (70) 54 (66) 
limb-threat 4 (15) 2 (2.4) 
CABG, Coronary artery bypass grafting; PTCA, percutaneous 
transluminal coronary angioplasty; LE-ASO, lower extremity ath- 
erosclerosis. 
using t tests for continuous data and X 2 or Fisher's 
exact test, as appropriate, for categorical data. Peri- 
operative morbidity rates between the two groups 
were compared using X z or Fisher's exact test. Recur- 
rent carotid stenosis and reoperation rates were esti- 
mated using the Kaplan-Meier method and are re- 
ferred in the text as "life-table" analyses. Cox 
proportional hazards models were used to assess fac- 
tors and the interrelationship among factors associ- 
ated with increased risk of late recurrent carotid ste- 
nosis or reoperation. Results are expressed as mean _+ 
standard eviation; all statistical tests are two-tailed, 
and statistical significance is defined as a p value less 
than 0.05. 
RESULTS 
Table I summarizes demographic and clinical 
characteristics of the patients. Younger adults had a 
higher prevalence of smoking (p = 0.005) and a 
lower level of high-density lipoprotein cholesterol 
(HDL-C) (p = 0.028), and younger females had 
significantly higher rate of premature menopause 
(p < 0.001). Elderly patients had a higher prevalence 
of hypertension (p = 0.006). There was no statisti- 
cally significant difference in the prevalence of coex- 
isting coronary artery disease or lower extremity ath- 
JOURNAL OF VASCULAR SURGERY 
328 Levy et aL February 1997 
Table II. Indications for CEA 
Group I Group I I  
n (%) n (%) p 
Amaurosis fugax 7 (12) 34 (17) 
TEA_ 14 (25) 34 (17) 
Stroke 6 (11) 29 (14) 
Asymptomatic 29 (51) 105 (52) 
TIA, Transient ischemic attack. 
0.472 
Table III. Postoperative non-neurologic 
complications after CEA 
Group I Group H 
(n = 56) (n = 202) 
n (%) n (%) 
Cardiac 1 (1.9) 12 (5.9) 0.478 
Renal - -  4 (2.0) 0.584 
Respiratory - -  3 (1.5) 1.000 
Wound 2 (3.9) 6 (3.0) 0.668 
Death - -  1 (0.5) 1.000 
erosclerosis betwcen the two groups, although the 
young tended to have higher prevalence of symp- 
tomatic atherosclerosis. 
The indications for CEA did not differ signifi- 
cantly between the two groups (Table II). There was 
no significant difference in the severity of internal 
CAS between the two groups; 49 patients (88%) in 
group I had ->80% reduction of internal carotid ar- 
tery diameter. Eight patients (14%) in group I and 32 
patients (16%) in group II underwent other major 
revascularization procedures temporally related to 
the index CEA, i.e. performed either simultaneously 
or within 1 month before or after CEA. Four 
younger patients underwent combined CEA and 
coronary artery bypass grafting (CABG); CEA pre- 
ceded either coronary or major lower extremity 
revascularizations in two patients each. Twenty- 
two older patients underwent combined CEA and 
CABG, eight patients underwent CEA before ei- 
ther coronary (n = 5) or lower extremity revascu- 
larizations (n = 3), and an additional two patients 
underwent CEA after CABG. Overall, 25 patients 
(45%) in group I underwent major revasculariza- 
tion procedures before age 50 years; 22 patients 
(39%) underwent coronary revascularization pro- 
cedures, including eight repeat CABGs; 11 pa- 
tients (20%) underwent lower extremity revascu- 
larization procedures. The p rioperative mortality 
rate was 0% in group I and 0.5% (one patient) in 
group II (Table III). Only one younger patient 
(2%) had a postoperative cardiac complication 
(congestive heart failure), compared with 12 older 
patients (6%, p = 0.48). 
Neurologic complications 
Group I. One patient with symptomatic CAS 
had an ipsilateral hemispheric stroke immediately af- 
ter CEA. An acute thrombosis at the endarterectomy 
site was discovered, and the patient underwent suc- 
cessful thrombectomy with complete neurologic re- 
covery. An additional patient had transient vocal 
cord paralysis. None of the patients had late neuro- 
logic events in distribution of the operated carotid 
artery; one patient developed a late contralateral 
stroke 15 months after CEA and died. 
Group II. Two patients had perioperative major 
neurologic events. One patient had a pontine stroke 
in the distribution of the operated carotid artery 
(without evidence of thrombosis at the operated 
site). The second patient had a transient contralateral 
hemispheric schemic attack 24 hours after CEA and 
underwent a contralateral endarterectomy. Four pa- 
tients developed transicnt cranial nervc injuries, in- 
cluding paralysis of the ipsilateral vocal cord in three, 
and of the marginal mandibular branch of the facial 
nerve in one patient. Six patients (3%) had major late 
strokes. 
Late restenosis 
Ultrasound ata were available for 31 patients (55%) 
in group I and for 104 patients (52%) in group II. 
Among the patients without ultrasonographic fol- 
low-up, in part, were, in group I six foreign patients 
and three patients who died; and in group II 25 
patients who died without having bccn restudied. 
Group I. Tcn of 31 patients (32%) developed 
recurrent carotid stenosis (RCS), or occlusion, which 
was asymptomatic n nine. Five of these patients 
(50%) had carotid occlusions; two patients had RCS 
>80%, and the othcr three patients had RCS >60%. 
Group II. Thirteen of 104 patients (12%) had 
recurrent carotid disease, which was asymptomatic in 
nine (78%). Of these 13 patients, three paticnts 
(23%) had an occluded carotid artery; four patients 
had RCS >80% (symptomatic in three patients); and 
six patients had asymptomatic RCS >60%. 
Life-table analysis (Fig. 1) demonstrated a signif- 
icantly higher restenosis rate in younger adults (p = 
0.007; log-rank test). The analysis of possible predic- 
tive factors for recurrent carotid stenosis (Table IV) 
showed that patient age was the only predictor for 
rcstenosis (odds ratio, 3.1; 95% CI, 1.3 to 7.3; p = 
0.010). After adjusting for smoldng status and lay- 
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Fig. 1. Life-table analysis shows significantly higher restenosis rate after carotid endarterec- 
tomy in younger adults. 
Table IV. Univariate analysis of predictive 
factors for carotid restenosis 
Variable Risk ratio 95% confidence interval p 
Table V. Late death after CEA 
Age <50 3.071 1.3-7.3 0.010 
Female 1.588 0.7-3.8 0.295 Mortality rate 
Smoker 1.250 0.4-4.3 0.721 Timing of death (too) 
Hypertension 1.512 0.6-4.1 0.420 
Diabetes 0.418 0.1-I.8 0.242 Cause of death 
Prior CAD 0.558 0.2-1.3 0.172 Cardiac 
Prior LE-ASO 0.943 0.4-2.3 0.897 Neurologic 
CVD symptoms 0.740 0.3-1.8 0.497 Respiratory 
HDL <35 0.545 0.1-2.0 0.365 Malignancy 
Bilateral CEA 1.402 0.5-3.6 0.483 Renal 
Liver failure 
CAD, Coronary disease; LE-ASO, lower extremity atherosderosis; Unknown 
CVD, cerebrovascular disease; HDL, high-density lipoprotein. 
Group I Group H 
(n = 56) (n = 202) 
n (%) n (%) 
4 (7.1) 33 (16) 
41.0 39.6 
(range, 16 to 44) (range, 8 to 120) 
3 (5.4) 18 (8.9) 
1 (1.8) 1 (0.5) 
- -  5 (2 .5 )  
- -  3 (1 .5 )  
- -  i (0 .5 )  
- -  i (0 .5 )  
- -  4 (2 .0 )  
pertension (factors with significantly different preva- 
lence among the groups), age 50 years or less re- 
mained the only predictor for RCS (odds ratio, 3.7; 
95% CI, 1.5 to 9.4; p = 0.006). 
Secondary operations 
Overall, four younger patients (17.7%) required ad- 
ditional ipsilateral carotid reconstructions, i cluding 
one early reoperation mentioned above. Three pa- 
tients had repeat operations after 14, 16 and 29 
months for asymptomatic recurrent stenosis, includ- 
ing two patients with >80% RCS, and one patient 
with >60% RCS. Four patients (2%) in group II 
required secondary p ocedures: one early and three 
late (12, 47, and 93 months). All three patients with 
late reoperations had symptomatic >80% recurrent 
stenosis. Life-table analysis for all reoperations dem- 
onstrated a significant difference between the groups 
(p = 0.034); however, after excluding the single 
early reoperation, the difference was not statistically 
significant (p = 0.065). 
Late mortality data 
Four (7.7%) of the younger and 33 (16.3%) of the 
older patients died during the follow-up period. Ta- 
ble V summarizes the causes for death. Of note, only 
two patients, one in each group, at their death had 
neurologic omplications directly related to the side 
of the previous CEA. 
DISCUSSION 
Previous series dealing with cerebral ischemia in 
young adults provide little information about the 
characteristics of carotid artery stenosis in the young. 
Approximately 3% to 4% of all patients with cerebral 
ischemic infarction are adults 45 years of age and 
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younger, as Nonhemorrhagic strokes in young indi- 
viduals are associated with a variety of etiologic fac- 
tors, for example, cardioembolic, traumatic, arterial 
dissection, inflammatory processes, mall vessel oc- 
clusions, oral contraceptives. 7-t° However, in the 
past decade carotid atherosclerosis was found to be 
the major cause for strokes in the young. 19 Carotid 
artery stenosis has been demonstrated in 21.6% to 
33.1% of young patients with transient ischemic at- 
tacks or stroke. Kappelle and associates, ~sin the 
follow-up assessment of 296 patients with ischemic 
stroke from the Iowa Registry of Stroke in Young 
Adults, reported considerable risk of recurrent 
strokes (9%). The mortality rate was significantly 
higher among patients with strokes caused by large- 
vessel disease than in patients with stroke of un- 
lmown cause. Only 42% of the patients who survived 
strokes in this study returned to work, and a majority 
of survivals suffered "emotional, social, or physical 
residuals that lessened the quality of life."18 
Emerging information on the increasing inci- 
dence of carotid atherosclerosis in young survivors of 
stroke, their high rate of recurrent symptoms, and 
their significant morbidity underscores the impor- 
tance of prevention i  patients with CAS. The role of 
CEA in the management of severe CAS is well- 
established and was proved to be safe and durable in 
experienced hands) -3 No tangible information re- 
garding the results of CEA in young adults with 
premature carotid atherosclerosis is available. Several 
studies recently have demonstrated poor results of 
lower extremity arterial revascularization in patients 
with premature atherosclerosis, resulting in excessive 
limb loss and early disability? 3-15 Several factors, 
such as smoking and hypercoagulable states, were 
proposed to have an adverse ffect on the outcome of 
surgical revascularizations i  young adults. Our con- 
cern was whether carotid endarterectomy in young 
adults with premature carotid atherosclerosis is as 
safe and durable as in the elderly. 
In the current study, there was a striking similar- 
ity in clinical and anatomic haracteristics ofextracra- 
nial carotid artery disease among the patients in both 
age groups. The majority of younger adults were 
smokers, had two or more cardiovascular risk factors, 
and frequently had evidence of diffuse atheroselerotic 
disease before the CEA. A comparison with older 
patients revealed several differences that deserve dis- 
cussion. Younger adults had significantly higher 
prevalence of smoking, lower levels of HDL-C, and 
premature menopause inwomen. Other studies have 
suggested association of low HDL-C with develop- 
ment of premature atherosclerosis. 2°,2~ An early on- 
set of menopause has been linked with premature 
development of cardiovascular disease. An unfavor- 
able effect on lipid metabolism 22and various hemo- 
static disorders has already been noted in postmeno- 
pausal women. 23-2s In addition, smokers have a higher 
incidence of early natural menopause, 26 thus placing 
young female smokers with menopause at an even 
greater risk for premature atherosderosis. The younger 
patients in this study had more severe lower extremity 
ischemic symptoms, and more than a quarter of them 
already had undergone coronary revascularization. 
The current study focused mainly on the end 
points that are directly related to the surgical proce- 
dure, such as perioperative and long-term neurologic 
events, the rate of recurrent carotid stenosis, and the 
need for additional carotid surgery. The ultrasono- 
graphic follow-up in this retrospective study was 
somewhat limited despite our efforts to contact each 
patient, their families, or primary physicians; never- 
theless, ultrasonographic follow-up was available in a 
similar proportion of younger and older patients. 
The risk of late restenosis remained significantly 
higher in young adults even after controlling for 
smoking status, which was more prevalent in the 
younger patients. The incidence of recurrent carotid 
stenosis and carotid reoperations in our institution 
has been reported elsewhere 27and was similar to that 
in the elderly patients in the current study. We dem- 
onstrated a relatively higher rate of reoperations in
younger patients. However, the total number of pa- 
tients who required repeat carotid operation was 
small in both groups, which raises a concern over the 
stability of these findings. 
No randomized prospective studies have been 
analyzed to compare the outcome of CEA among 
different age groups. In a retrospective case control 
study, Clagett et al.28 demonstrated a significantly 
lower age at initial CEA in those with recurrent 
carotid stenosis compared with that of all patients 
who had CEA (54.6 -+ 1.4 years vs 61.3 + 0.5 years). 
Recently Pedrini et al.,29 in a nonrandomized retro- 
spective study of consecutive patients with CEA, 
demonstrated a higher incidence of both early post- 
operative carotid thrombosis and recurrent stenosis 
at follow-up in relatively oung patients (<55 years 
of age). A higher frequency of recurrent carotid ste- 
nosis and its earlier occurrence in younge r cohorts 
could indicate the possible role of different patho- 
genic factors for restenosis n different age groups. In 
the elderly, recurrent carotid stenosis i  mainly attrib- 
uted to the progression of the atherosclerotic pro- 
cess. Several studies also have demonstrated the asso- 
ciation of premature atherosclerosis with various 
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hemostatic factors, i.e. increased levels offibrinogen, 
lipoprotein (a), homocysteinc, factor VII activity, 
and blood viscosity. 3°~31 Some of these factors may 
be responsible for premature carotid atherosclerosis 
and the adverse results of CEA in younger patients. 
Prospective trials will need to be performed to an- 
swer some of these questions. 
CONCLUSION 
Younger patients in our series had a significantly 
higher rate of postoperative r current carotid steno- 
sis and tended to require more carotid reoperations. 
Postoperative morbidities were similar between the 
two groups. The natural history of atherosclerotic 
carotid disease in young adults is unknown. We con- 
clude that CEA can be safely performed in younger 
patients, although the risk of recurrent carotid isease is 
higher and further study is required to identify factors 
predicting the durability of CEA in younger patients. 
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